Compounds originating from plants, known as phytoestrogens (phytoestrogen, PE), can produce estrogen-like effects because of their structural similarity to estradiol, and can combine with estrogen receptors (ERs) in mammalian or human, resulting in antiestrogenic or estrogen-like activity. A large number of experimental data showed that PE can interact with ERs directly, but their binding ability is very weak. There is interest in the value of PE in hormone replacement therapy (HRT) because of their minimal side effect. Flavonoids such as genistein, daidzein, daidzin, are an important type of phytoestrogens.
method.
Yeast Two-Hybrid Assay The yeast two-hybrid assay was carried out according to the method of Nishikawa et al. 19) And yeast cells expressing estrogen receptor (ERs) were allowed to grow overnight at 30°C with shaking in synthetic defined (SD) medium lacking tryptophan and leucine. Yeast cells were treated with a test compound for 4 h at 30°C, and b-galactosidase activity was determined as follows. The growth of the yeast cells was monitored by measuring the turbidity at 600 nm. The treated yeast cells were collected by centrifugation (8000 g, 5 min) and resuspended in 200 ml of Z-buffer (0.1 M sodium phosphate, pH 7.0, 10 mM KCl, and 1 mM MgSO 4 ) containing 1 mg/ml of zymolyase at 37°C for 15 min. The reaction was started by the addition of 40 ml of 4 mg/ml ortho-nitrophenyl-beta-D-galactopyranoside (ONPG) as a substrate. When the yellow color appeared (30 min), 100 ml of 1 M Na 2 CO 3 was added to quench the reaction. The absorbance of solution (150 ml) was measured at 420 and 550 nm. b-Galactosidase activity (U) was determined using the following formula:
Uϭ1000ϫ3(A 420 ϫ1.75ϫA 550 )/(tϫ0.05ϫA 600 )
Absorption and Distribution Female KM mice (9-12 g) were allowed free access to water and diet (without soy) during the experimental period. The light/dark cycle was 12 h light and 12 h dark. The room temperature was controlled at 22Ϯ4°C, humidity was controlled automatically. Three Kunming female mice were administered intragastrically with 80 mg/kg phloridzin twice a day at 4 h intervals for 3 d. Blood was taken 60 min after the last administration and the serum was separated. The serum was concentrated to solid by rotary evaporator, and the solid was re-dissolved by 95% ethanol and filtered through a 0.45 mm membrane filter. The animals were then killed, and the abdominal cavity was opened to remove the fatty tissue around the uterus and cut at the junction of the uterus and vagina. The uterus was extracted with 95% ethanol, concentrated and filtered through a 0.45 mm membrane filter for subsequent use.
Uterotrophic Assay The administration schedule and breeding conditions of the animals was the same as in Absorption and Distribution. The mice were randomly divided into groups of ten and all treatments were given by oral gavage for 7 d. On the seventh day, the animals were weighed. After blood was taken from the eyes, the serum was separated by ELISA to determine the content of 17 b-estradiol. Then the animals were killed and the uterus quickly removed and weighed. 20, 21) Measurement Conditions of HPLC and ELISA The prepared samples were measured by HPLC (high-performance liquid chromatography). Octadecyl silane chemically bonded silica (250ϫ4.6 mm) was employed as the bulking agent in a chromatography column, the particle size was 5 mm, the mobile phase was acetonitrile-water (from 0 to 20 min, the volume ratio of acetonitrile to water was from 10 to 80%), the injection volume was 10.0 ml, the flow rate was 1.0 ml/min, and detection wavelength was at 284 nm with column temperature at 25°C. 22) Determination of the content of 17b-estradiol in serum was carried out by ELISA according to the kit instruction booklet.
Molecular Docking A docking simulation was performed by AUTODOCK4.0. The phloridzin molecule was generated as a pdb file and added into AUTODOCK4.0. The atomic coordinates for the structure of estrogenic b receptor were downloaded from the Protein Data Bank (PDB Code: 1NDE). Docking behavior was predicted by a linear regression analysis in an AMBER force field and a search method using a Lamarckian genetic algorithm. 23) For the fixed conformation ligand, a population size of 50 with 250000 energy evaluations, 25000 generations, a gene mutation rate of 0.02, and a crossover of 0.8 were used. The final ligand-protein complex was visualized using PyMOL0.99. 24) Statistical Analysis Each set of experiments was repeated at least three times. Values are expressed as meanϮ S.E.M. One-way analysis of variance was used for statistical analysis. A value of pϽ0.05 was considered statistically significant.
RESULTS

Estrogenic and Antiestrogenic Activities of Phloridzin
Cell proliferation experiments in vitro showed that the effect of exogenous estradiol can induce estrogen-sensitive cell line (MCF-7 cell) proliferation during the estrogen-deficient state. When estradiol concentration increased, the inducing effect increased, the difference was significant compared to the control group (pϽ0.01), thus, phloridzin displayed estrogenic activity. It could induce proliferation of MCF-7 cell, and the inducing effect was correlated with drug concentration. During the concentrations from 2ϫ10
Ϫ5 to 2ϫ10
significant difference was observed compared to the control group (pϽ0.01). At the concentration of 1ϫ10 Ϫ4 M, the strongest proliferation ability was observed, which was equivalent to the concentration of estradiol at 1ϫ10
However, further concentration increase resulted in a decrease of the proliferation ability (see Table 1 ).
When estradiol (10 Ϫ10 M) was added simultaneously with different concentrations of phloridzin, phloridzin showed an antagonistic effect on estradiol-induced MCF-7 cell proliferation. There was no significant difference compared with the control group, but the difference was significant if only estradiol was employed (pϽ0.01). Tamoxifen could inhibit the proliferation of MCF-7 cells, and the inhibitory effect also Table 2 ). The experimental results indicated that 17b-estradiol had no significant effect on the proliferation of MD-AMB-231 cells, which lacked estrogen receptors. The difference was not significant compared with the control group. Phloridzin showed a similar effect as 17b-estradiol on the proliferation of the MD-AMB-231 cells. There was not much difference compared to the control group (see Table 3 ), suggesting that phloridzin had a bidirectional effect. It exhibited an estrogenlike effect in the absence of estrogen and an antiestrogenic activity effect under excessive estrogen. This was probably mediated through binding to estrogen receptors.
A yeast with two hybrid assay results showed that phloridzin had low affinity in binding estrogen a receptor. There was no significant difference between the test group and the control group (see Table 4 ). Phloridzin had higher binding affinity to estrogen b receptor; the binding effect was correlated with drug concentration. When the concentration increased to 5 mg/ml, there was a significant difference from the control group (pϽ0.01) (see Table 5 ), which indicated that phloridzin acted through bidirectional modulation of estrogenic and antiestrogenic activities mainly through binding to estrogen b receptor.
Absorption and distribution experimental results suggested that phloridzin was mainly absorbed into the blood in prototype after oral administration. A small part of phloridzin was metabolized to phloretin. HPLC revealed that the serum contained phloridzin and a small amount of phloretin. Phloridzin also can be detected in the womb by HPLC, indicating that phloridzins were distributed to the target organ (Fig. 1) , and its pharmacological effects were induced mainly by a direct effect, rather than by metabolization into phloretin.
In vivo expermental results indicated that diethylstilbestrol could increase the weight of the uterus of young rats and reduce serum estradiol levels; compared to the control group, there was an obvious difference (pϽ0.01). Phloridzin also increased uterine weight in young rats, promoted the secretion of estradiol and improved the serum estradiol concentration. Compared to the control group, however, the difference was not significant (see Table 6 ).
Docking Study Docking simulation between phloridzin and estrogenic b receptor was performed and the results are shown in Fig. 2 . The hydrogen bonds were formed between phloridzin and the amino acid residues Glu305, Arg346 and His475. There may be hydrophobic space action between phloridzin and the amino acid residues Leu301, Ala302, Leu343 and Phe356 (see Fig. 2 ). 594 Vol. 33, No. 4 
DISCUSSION
Estrogen receptor refers to a group of receptors that are activated by the hormone 17b-estradiol(estrogen). There are two different forms of estrogen receptor, usually referred to as a and b. In structure, they have a high degree of homology, but they have significantly different distribution and expression in various tissues. Their biological effects also differ after being combined with a ligand. There are two ways that ER genes regulated: the first is the classic way which is done through estrogen responding expressor (ERE) combined with DNA-binding domain. Another way is a non-classical way, which is by completing a series of signal transductions through interactions between other transcription factors, not ERE. For example, in the channel of AP-1, ER is incorporated into the fosjun transcription factor and then integrated into sites of the activated protein l (active protein-l, Ap-l) at the promoter region of the target gene to regulate gene transcription activity. In the AP-1 transduction pathways, ligands have opposite when combined with ERa or ERb, activating transcription bound with ERa and inhibiting transcription bound with ERb. Some phytoestrogens have incomplete estrogenic effects and antagonistic effects, their role affected by the type of tissue, the difference of estrogen receptor subtype expression and the level of endogenous estrogen.
MCF-7 cells are ER(ϩ) human breast cancer cells, whose proliferation has been induced by estrogen or estrogen-like substances. Experimental results showed the proliferation of those estrogen-like were extremely sensitive, and distinguished between agonists and antagonists, thus MCF-7 cells have been widely used for rapid screening and evaluation of phytoestrogen. 25) MDA-MB-231 cells are ER(Ϫ) human breast cancer cells, which have been used for rapid assessment of phytoestrogen to evaluate whether the action is through ER or not. 26) Experiments in vitro and in vivo indicated that phloridzin has a double directional adjusting function of estrogenic and antiestrogenic activities. It showed an estrogen-like effect in cells lacking endogenous estrogen, simultaneously promoting the secretion of endogenous estrogen. At the same time, it also had anti-estrogen effect in the presence of excessive estrogen and inhibited MCF-7 cell proliferation induced by estradiol. Phloridzin showed no significant effect on MDA-MB-231 cells, indicating that its main effect is exerted through binding with estrogen receptor.
Yeast cells generally do not contain estrogen receptors (ERs). Recombinant gene yeast assay integrates the fragments of DNA of human estrogen receptor (hER) into the plasmid of an ERE of yeast genome. This expression plasmid also contains report gene Lac-Z which encode b-galactosidase. In this system, hER was expression combined with ERE; the ERE sequence is located in a sequence of a strong promoter of expression plasmid. After binding an activity ligand, the receptors binding with estrogen regulate gene transcription by reacting with transcription factors; other components of the transcription caused expression of the reporter gene of Lac-Z and generated b-galactosidase which was released into the media. In the medium, b-galactosidase enabled metabolic changes of substrate to result in coloration. The estrogenic activity of the testing compounds can be deduced by quantifying the activity of b-galactosidase enzyme.
27) The yeast double hybrid experiment showed that phloridzin had low affinity in binding with estrogen receptor a, but high affinity in binding with estrogen receptor b. Docking simulation between phloridzin and estrogenic b receptor was performed and the results showed there were hydrogen bonds among phloridzin and the amino acid residues Glu305, Arg346 and His475. There may be hydrophobic space between phloridzin and the amino acid residues Leu301, Ala302, Leu343 and Phe356. The results indicated that phloridzin has direct estrogen-like activity.
There are some similarities in the structures of phloridzin and estradiol, both of which have two aromatic nuclei and the hydroxyl substitution on the ring. This may be the reason that phloridzin showed estrogenic effects and could bind to estrogen receptor; the effect was about 10 Ϫ6 times lower than the effect of synthetic estrogen. Some research results considered that promoting breast cancer cell proliferation was mainly mediated by ERa. but that antagonistic promoting proliferation was mainly mediated by ERb.
28) The binding ability of phloridzin to ERb is higher than ERa; it has estrogen and anti-estrogen two-way regulating functions. When estrogen is deficient, phloridzin can bind to ERa like 17b-estradiol and show estrogenic activity. When estrogen is in abundance, it competitively binds to ERa, The binding ability of phloridzin with ERa is weak, therefore it competitively binds to ERb and showed anti-estrogen effect, which avoided the side effects of estrogen replacement therapy.
In recent years, many side effects have been reported for estrogen replacement therapy in women with perimenopausal period syndrome and other gynaecopathia treatment, The researchers paid more attention to phytoestrogens, especially those existing in dietary materials as we can ingest phytoestrogens while enjoying delicious food and beverages. Malus hupehensis has long been used as a traditional Chinese tea with no adverse effects; phloridzin is the major constituent in Malus hupehensis. Our research showed that phloridzin has a role of phytoestrogen, in addition to its relatively low toxicity and mild ways, providing evidence that drinking Malus hupehensis tea may be one of the better ways to supplement phytoestrogen, and it can be absorbed to ameliorate estrogen-related diseases.
Glycosides used to be regarded as substances that could not to be absorbed and thus had little biologic effect in vivo. However, with the action of enterobacteria, glycosides could be hydrolyzed to aglycones and the latter could be absorbed through hepatoenteral circulation. Our current results have shown that phloridzin can be absorbed by rats and is also distributed to the target-organ, thus exerting a direct pharmacological effect. The pharmacokinetics of this compound will require further investigation.
